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(54) OPTICAL CONNECTION CIRCUIT 

(57)Abstract: 

PURPOSE: To make high-reliability wiring which is excellent in its 
high-speed property and is less influenced by electrical noise, by 
connecting between elements such as LSI chips arranged spatially 
separated on a same plane, or between two points inside an LSI 
chip by optical connection. 

CONSTITUTION: A pair of a light emitting element 1 and a 
photoreceiving element 2 are arranged on an LSI board 5 for two 
LSI chips 3 and 4, and a pair of mirrors 6 and 7 corresponding to 
the light emitting element 1 and photoreceiving element 2 and 
meeting at an angle of 45° to the optical axis of each element are 
fitted to an optical coupling board 8 into a united body. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical connection circuit characterized by providing at least one pair of mirrors which 
corresponded to at least one pair of light emitting devices and the photo detector which have been 
arranged on the chip of said LSI in the optical connection circuit which connects a signal between LSI 
within LSI, and said light emitting device and photo detector, and have been arranged to the optical axis 
of each component at the include angle of 45 degrees. 

[Claim 2] The optical connection circuit characterized by providing the lens arranged at the optical path 
between said light emitting devices and photo detectors in claim 1 . 

[Claim 3] The optical connection circuit characterized by said one pair of mirrors being united, and 
being arranged in claim 1 at a different substrate from the LSI substrate which accumulated LSI, the 
light emitting device, and the photo detector. 

[Claim 4] The optical connection circuit characterized by existing in said LSI substrate side of the 
substrate with which said mirror arranges it in claim 3. 

[Claim 5] The optical connection circuit characterized by said LSI substrate side of the substrate with 
which said mirror arranges it of the ingredient of the substrate which exists in an opposite hand and 
constitutes the mirror being transparent to operating wavelength in claim 3. 

[Claim 6] The optical connection circuit characterized by said one pair of mirrors and lens being united, 
and being arranged in claim 2 at a different substrate from the LSI substrate which accumulated LSI, the 
light emitting device, and the photo detector. 

[Claim 7] The optical connection circuit characterized by the ingredient of the substrate which it exists 
in said LSI substrate side of the substrate with which said lens arranges it in claim 6, and said mirror 
exists in the opposite hand, and constitutes the mirror and the lens being transparent to operating 
wavelength. 

[Claim 8] The optical connection circuit characterized by a lens being a Fresnel lens in claim 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical connection circuit in the optoelectronic 
integrated circuit which added the device in which a signal was sent with light to LSI (large-scale 
integrated circuit) on which the electronic circuitry was accumulated. 
[0002] 

[Description of the Prior Art] The working speed of the transistor which constitutes LSI is improving in 
connection with densification, such as a silicon integrated circuit, and detailed-ization progressing. 
However, by LSI by which a component is arranged two-dimensional, the lap and die length of electric 
wiring are becoming very long with densification and advanced features. 

[0003] Therefore, even if it is going to increase the component in LSI further, it is a difficult situation to 
carry out electric wiring. Furthermore, when a wire length becomes long, signal delay poses a big 
problem and the rate of LSI is coming to limit by the die length of wiring rather than a component. 
[0004] As an approach of solving the signal delay by this wiring, J.W. Goodman etc. has proposed the 
concept of the optical connection circuit shown in scholarly journal "proceeding OBU THE IEEE" 1984 
year 72 volume 850 pages at drawing 5 (J. W.Goodman et al.). Moreover, F.B. McCormick etc. has 
proposed the concept of the optical connection circuit shown in 49 pages of the data of international 
congress phot nick switching at drawing 6 (F. B. McCormick et al.). 

[0005] In the optical connection circuit of drawing 5 , two or more semiconductor laser 102 is arranged 
to the periphery of LSI101 of silicon, and the photo detector 105 which formed the data signal 103 by 
the light which emitted light by these semiconductor laser 102 on the silicon substrate by the hologram 
104 is irradiated via an optical path 106,107. On the hologram 104, he writes in the physical relationship 
of semiconductor laser 1 02 and a silicon substrate beforehand, and is trying for the optical data signal 
103 to be efficiently irradiated by the photo detector 105 via an optical path 106,107. 
[0006] If the optical connection circuit of drawing 5 is realized, the degree of freedom of wiring will 
improve, the rate that electric wiring occupies on the lap of wiring or LSI101 will decrease, and the 
signal delay by the long wire length will decrease. 

[0007] However, since one laser beam is irradiated to the large field of a hologram 104 from the field 
which has arranged semiconductor laser 102 in order to distribute light to holographic one by drawing 
5 , the optical system (graphic display abbreviation) which consists of a lens actually is needed, 
therefore a hologram 104 must be considerably separated from the semi-conductor side of silicon LSI 
101, and must be arranged, and there is a fault that an LSI chip becomes large as a whole. 
[0008] Next, in the optical connection circuit of drawing 6 , to two or more array-like light emitting 
devices (light emitting device array) 1 1 1, the micro lens 112 and the photo detector 113 were made to 
correspond, more than one have been arranged, and these are combined by one pair of 45 -degree mirrors 
114,115. 116,117 is an optical path and 118 is a lens. 

[0009] However, since the number of mirrors 1 14,1 15 is one, and sequence of the array of the light 
emitting device array 111 cannot be changed, when wiring without changing the array of an array or a 
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matrix, it is good in the optical connection circuit of drawing 6 , but it cannot be adapted when wiring 
the location of arbitration two-dimensional like wiring in the chip of LSI, or wiring during a chip. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the optical connection circuit 
suitable for optical wiring during the chip in the chip of LSI which canceled the trouble of the 
conventional technique mentioned above. 
[0011] 

[Means for Solving the Problem] The configuration of the optical connection circuit which connects a 
signal between LSI within LSI by this invention is characterize by provide at least one pair of mirrors 
which corresponded to at least one pair of light emitting devices and the photo detector which have be 
arrange on the chip of LSI , and said light emitting device and photo detector , and have be arrange to 
the optical axis of each component at the include angle of 45 degrees . 

[0012] In this case, a lens is preferably arranged to the optical path between a light emitting device and a 
photo detector. Moreover, one pair of mirrors or a lens is arranged to a different substrate from the LSI 
substrate which accumulated LSI, the light emitting device, and the photo detector on one. and the LSI 
substrate side of the substrate with which, as for a mirror, it is arranged when there is no lens or its 
opposite hand - although you may arrange to any, in the case of an opposite hand, let the ingredient of 
the substrate which constitutes a mirror be a transparent thing to operating wavelength. When there is a 
lens, a lens is arranged to the LSI substrate side of the substrate with which it is arranged, arranges a 
mirror to the opposite hand, and makes transparent the ingredient of the substrate which constitutes these 
these mirrors and a lens to operating wavelength. Moreover, let a lens be a Fresnel lens. 
[0013] 

[Function] It wires by the light emitting device and the photo detector, or to arranging one pair of 
mirrors of 45 degrees, and wiring to two or more light emitting devices and two or more photo detectors, 
to each combination of a light emitting device and a photo detector, at least one pair of mirrors [ at least 
one pair of ] of 45 degrees are arranged to holographic one, and it wires it to an optical axis by this 
invention at a Prior art. A lens raises transmission of the signal of light. If it is made one pair of mirrors 
or a lens, and one and arranges to the substrate, when it becomes unnecessary to align the lens added to 
each mirror or these to an LSI substrate and two or more pairs of optical connection is made, it can 
connect that it is simple and effectively. 
[0014] 

[Example] Hereafter, the example of this invention is explained based on drawing 1 - drawing 4 . 
[0015] The [1st example] Drawing 1 and drawing 2 explain the optical connection circuit aiming at the 
data transmission between two LSI chips. Drawing 1 shows cross-section structure, arranges the two- 
dimensional light emitting device 1, a photo detector 2, and two LSI chips 3 and 4 on good LSI5 of heat 
conduction, connects the output terminal of one LSI chip 3 to the anode terminal of the two-dimensional 
light emitting device 1, and has connected the output terminal of a photo detector 2 to the input terminal 
of LSI chip 4 of another side, respectively. 

[0016] As a two-dimensional light emitting device 1, micro cavity laser uses an PIN photodiode etc. as a 
photo detector 2. It constituted from superlattice of 95% of reflection factors 20 layers of cavity length 
for which micro cavity laser used the superlattice of InGaAs as a barrier layer grew up the superlattice of 
99% of reflection factors with which it is the laser of the structure of the operating wavelength lambda, 
and 28 layers of resonators grew up AlAs/GaAs to be the bottom, and AlAs/GaAs to be. In this case, as 
an example, with structure with a diameter of 20 micrometers, the threshold current was 1mA and 
oscillation wavelength was 0.98 micrometers. On the other hand, the PIN diode used the InGaAs layer 
as the absorption layer, the diameter of a light-receiving field was 30 micrometers as an example, and 
quantum efficiency [ as opposed to light (0.5pF and 0.98 micrometers) in electrostatic capacity ] was 
70%. On the LSI substrate 5 of silicon, the hetero-epi technique was used and such the two-dimensional 
light emitting device 1 and a photo detector 2 were produced. 

[0017] Corresponding to these two-dimensional light emitting device 1 and the photo detector 2, one 
pair of mirrors 6 and 7 are arranged, and optical connection of between both the components 1 and 2 is 
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made so that it may incline 45 degrees to the optical axis. One pair of mirrors 6 and 7 are made into one, 
and are formed and arranged to the optical coupling substrate 8. This optical coupling substrate 8 was 
produced with the polymeric materials which really carried out injection molding. Although methacrylic 
resin was used as polymeric materials, polysulfone, polystyrene, etc. can be used that what is necessary 
is just the ingredient out of which dimensional accuracy comes. The LSI substrate 5 side was made into 
the concave among the optical coupling substrates 8, the reflector of light used as mirrors 6 and 7 was 
formed, and gold was vapor-deposited in order to enlarge a reflection factor in the reflector of light. 
Instead of gold, aluminum or the thing which made ****** the multilayer is sufficient as a vacuum 
evaporationo ingredient. 

[0018] As shown in the LSI substrate 5 and the optical coupling substrate 8 at drawing 2 (a) and (b), 
respectively, the marks 9 and 10 for alignment are formed beforehand. Thereby, between the two- 
dimensional light emitting device 1, between mirrors 6 and a mirror 7, and the photo detector 2 was able 
to be efficiently aligned by the alignment of a mark 9 and 10. 

[0019] In the example mentioned above, the light from the micro cavity laser used as a two-dimensional 
light emitting device 1 is received by the PIN diode used for the photo detector 2, after reflecting twice 
[ a total of] in one pair of mirrors 6 and 7 of the optical coupling substrate 8. As frequency 
characteristics of a signal transmission in the meantime, the cut-off frequency of the small signal of 3dB 
down was 1.5GHz. Moreover, 400Mbit/s has been checked in the data transmission experiment which 
connected the LSI circuit. 

[0020] The [2nd example] Drawing 3 explains the optical connection circuit aiming at the data 
transmission within an LSI chip. Drawing 3 shows cross-section structure, accumulates the two- 
dimensional light emitting device 1 and a photo detector 2 at a monolithic on LSI chip 1 1 which is an 
LSI substrate, and arranges it. The above-mentioned micro cavity laser was used as a two-dimensional 
light emitting device 1, and MSM (Metal Semiconductor Metal) using the InGaAs layer as a photo 
detector 2 was used. 

[0021] One pair of mirrors 6 and 7 which make 45 degrees to an optical axis are formed and arranged to 
operating wavelength at one to LSI chip 1 1 and opposite hand of the transparent optical coupling 
substrate 12. This optical coupling substrate 12 produced glass with the coefficient of thermal expansion 
near it of silicon as an ingredient. In the reflector of light used as mirrors 6 and 7, in order to enlarge the 
reflection factor of a laser beam, aluminum was vapor-deposited. 

[0022] In this example, the micro cavity laser which is the two-dimensional light emitting device 1 emits 
light with the output of the component in LSI chip 11, that light reflects twice [ a total of] in one pair of 
mirrors 6 and 7 of the optical coupling substrate 12, incidence is carried out to the MSM component 
which is a photo detector 2, and the output of a photo detector 2 inputs into the component in LSI chip 
1 1 . Thereby, optical wiring within LSI chip 1 1 was completed. 

[0023] The [3rd example] Drawing 4 explains other optical connection circuits aiming at the data 
transmission between two LSI chips. The point of having added lenses 13 and 14 differs from 
arrangement of the mirrors 6 and 7 in the optical coupling substrate 8 to the circuit which showed this 
optical connection circuit to drawing 1 , and others are the same. 

[0024] Drawing 4 shows cross-section structure, arranges the two-dimensional light emitting device 1, a 
photo detector 2, and two LSI chips 3 and 4 on the good LSI substrate 5 of heat conduction, connects the 
output terminal of one LSI chip 3 to the anode terminal of the two-dimensional light emitting device 1, 
and has connected the output terminal of a photo detector 2 to the input terminal of LSI chip 4 of another 
another side, respectively. 

[0025] As a two-dimensional light emitting device 1, an PIN photodiode etc. is used as micro cavity 
laser and a photo detector 2. It constituted from superlattice of 95% of reflection factors 20 layers of 
cavity length for which micro cavity laser used the superlattice of InGaAs as a barrier layer grew up the 
superlattice of 99% of reflection factors with which it is the laser of the structure of the operating 
wavelength lambda, and 28 layers of resonators grew up AlAs/GaAs to be the bottom, and AlAs/GaAs 
to be. In this case, as an example, with structure with a diameter of 20 micrometers, the threshold current 
was 1mA and oscillation wavelength was 0.98 micrometers. On the other hand, the PIN diode used the 
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InGaAs layer as the absorption layer, the diameter of a light-receiving field was 30 micrometers as an 
example, and quantum efficiency [ as opposed to light (0.5pF and 0.98 micrometers) in electrostatic 
capacity ] was 70%. On the LSI substrate 5 of silicon, the hetero-epi technique was used and such the 
two-dimensional light emitting device 1 and a photo detector 2 were produced. 
[0026] While arranging one pair of mirrors 6 and 7 corresponding to these two-dimensional light 
emitting device 1 and a photo detector 2 so that it may incline 45 degrees to the optical axis, lenses 13 
and 14 are arranged in an optical path, and optical connection of between both the components 1 and 2 is 
made. Lenses 13 and 14 and one pair of mirrors 6 and 7 are made into one, and are formed and arranged 
to the optical coupling substrate 12. This optical coupling substrate 12 was produced with the polymeric 
materials of transparence on the operating wavelength which really carried out injection molding. 
Lenses 13 and 14 have been arranged to the LSI substrate 5 side among the optical coupling substrates 
12, the reflector of light used as mirrors 6 and 7 was formed in the opposite hand, and gold was vapor- 
deposited in order to enlarge a reflection factor in the reflector of light. Instead of gold, aluminum or the 
thing which made ****** the multilayer is sufficient as a vacuum evaporationo ingredient. The Fresnel 
lens was used as lenses 13 and 14. 

[0027] The mark for alignment is similarly formed beforehand with having been shown in the LSI 
substrate 5 and the optical coupling substrate 12 at drawing 2 (a) and (b), respectively. Thereby, it was 
able to align efficiently. 

[0028] In the example mentioned above, the light from the micro cavity laser used as a two-dimensional 
light emitting device 1 is received by the PIN diode used for the photo detector 2, after becoming a 
parallel ray with Fresnel lens 13, reflecting twice [ a total of] in one pair of mirrors 6 and 7 of the 
optical coupling substrate 12 and being again condensed with Fresnel lens 14. As frequency 
characteristics of a signal transmission in the meantime, the cut-off frequency of the small signal of 3dB 
down was 1.5GHz. Moreover, 400Mbit/s has been checked in the data transmission experiment which 
connected the LSI circuit. 

[0029] In the example of above-mentioned drawing 4 , although the Fresnel lens was used as lenses 13 
and 14, a micro lens may be used. 

[0030] Moreover, although each above-mentioned example has arranged one pair of mirrors 6 and 7 
between a light emitting device 1 and a photo detector 2, many mirrors may be arranged rather than this. 

[0031] 

[Effect of the Invention] Since the optical connection circuit of this invention realizes a transmission line 
and makes optical connection by arrange at least one pair of mirrors to the optical axis of pair Perilla 
frutescens (L.) Britton var. crispa (Thunb.) Decne. about the combination of a light emitting device and 
a photo detector for between two between [ , such as between LSI chips , ] the components spatially left 
by the same plane , or in an LSI chip , and form an optical path , it excels in rapidity and the effect of 
electrical noise can carry out wiring with little high dependability . Moreover, when using a lens in 
addition to a mirror, effectiveness improves. Furthermore, when also making a lens at one one pair of 
mirror pans and arranging to a substrate, positioning to an LSI substrate is easy. 

[Translation done.] 
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[Drawing 1] 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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aAs«r2 8lrt*Lftfiatf9 9%0«ftfi:, Al 
As/GaAst2 0Mfi Lfc&#t* 9 5 
i-e«^Lfc 0 r©i§£\ -Mb LXiK&2 0 H m©i 
iifrr\ LtV>fiS*tiSttl mA, ^SjfigfiO. 98 V m 
T"foofc 0 — I N^^-— K(4I nGa AsJISrK 
HXHt LfctO-efet), -«iLTSJtti*©a:SH:3 
OtxmXh'O. WmmteO. 5pF, 0. 9 8(nn© 
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[0 0 17] rftfeffiS!****! tSMf2l:ffj; 
Lt> t©3tttl^LT45S«<J;3lc, l*f©g| 
6, 7£gafiU 2|««r3fcSttLT*>.5. 1 

*8©5*>LS l*t65«SrPflW;:fC» «E6, 7t4 
5tt©S&ra&^fiKL, 3te©K*tB5tett:Rat*«r*:* < 

[0 0 18] LS IiS5t^Sfi8 iKH±*il-P 
*lH2 (a) , (b) tC^J^f^&fiBg-*/^- 
^9, 10?rffSLtfc5„ rtttciO-v-^ 9, 10 

20 fco 

[0 0 19] _tj6L.fcSa6«-<?tt, WM&ftm*i 4 L 

»K8cDl*f-©$t6, 7(dj; !9tf21alS:*tLfc©*,, S: 
** J f-2fcfflV>7tP I N^-f*~ K-CS*S*v5. r© 
IBO«#eai©»«»«M4i: UTi4. 3 d b^^vO/Jn 
ft#©Jgtef«jK»:jJ J 1 . 5GHzT'fcofc„ LS 

i iais4rSN»ufcf*— ^eas**-cf4, 400Mb i t 

[0 0 2 0] C^2j|J6W LSIfy/rtWr- 

H 3 itWimmit^ BMI§3t#^ 1 fc 2 t 

SrLS iXStfcSLS I^y^l l±lc^-/ y->y^ 

<D^J ?u*Wrj u—fZ&mL, §*if2tL 
XI nGaAslSrfflV^fcMSM (Metal Semiconducto 
r Metal ) Srtfffl Lfc» 
[0 0 2 11 *il!:»L4 5«*fttl»0«6, 7tt 

&mm&\zttvxmmteytw&mmi 2©Lsifyy 

1 1 iS3WC-#K»*LTEiUt J>5. ^©)feSS 
40 -g-S«i 2ttSK«3S#»:AS^y avo-ttucjEi^jtf?* 
SrWt LTf^JSLfc. S66, 7 t *5*©R*tBBfc 
14, f*OR*t*«r**<i-5fc»r/u5 = !?ASr 

[0 0 2 2] r©^ffi0il-Ctt, LSIfy/llrtOl 
^©ffi^T-®^?t*T-lt?fo2.^'1'^ndr-vt'x-C V 
— !fi9S»*U *©Jfc^3t»#»Rl 2©1»©«|6, 
7 TH- 2 UlSit L-CgJt*^- 2 T'fo 5 M S M*-?K >M 
U S3t^2©W*^LS I ^s/T"! l|*3©^mcA 

^j-f-So -wci^ Lsify/i irtT-©?tie^ 5 
so -c£fc 0 
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[0 0 2 3] [SS33li£#J] 2iCLSIfyy[fflf 

KW-fS. ro3tSS»0K»±Blit!:*L*:|HllSfc*ru. 
^Xl3, 1 4 fciiflOLfc^i, 8^33 It 

[0 0 2 4] H 4 ltWffi«)g£* U B5ffl»3t*T- 1 . 
gytmi- 2 &.Xf 2 ®<OLS 4 SrlRvg^cofi: 

t^L S I £«5±{CiaeU -*®LSIfs'/3C(tj 

O L S I f y / 4 OAAif tttS*^ 2 OIIJ^ io 

[0025] mmmitm+i t l-c»w ^tunr^ 

<7>Hf5ttf> U— if T'fe ►) , #S§§ftTfi!llCA lAs/Ga 
Asfc2 8JPjfc«Ut£Ut*9 9%©JB#HFi:, A 1 A 
s/GaAs^20«SlfcSW9 5%CDjg*&iPi: 
-e«J*Lfc. ^<D4§3\ L-TttS2 0tfmW*it 

T\ LtVvffimjSftft 1 mA, ^SgRSItO. 9 8^ m? 20 
feofc, — #P I N¥4 3r— bit I nG a A sJlSrKHX 
Si; Lfcfc ©-<**> 5, -0»Ji LTS*«*«)itStt3 0 
fimtft!), SIStillO. 5pF, 0. 9 8/im©)t 
i^-f-sa^j&^it 7 0%-efcofc, 5*ffiffll8 

[0 0 2 6] ril&ffiSB8**^l i:3**J|l-*2|C»j£ 
Lt, *©3tttfc*tLT4 5S«< ±5C, l*f©« 
6, 7£ffig-r3 i#l^ JfeK't'JCU'VXl 3, 14£ 
8IU WStt^l, 2iaSr3t^LT&5 0 t->-Xi 30 
3, 14M»Oi6, 7 tt-ftcm UT3t»-g-«* 1 2 

*S-^S«l 2©HLS lS^5fflJlCI^VXl 3, 14 

Lfco &©ft<9l^ 3£##!&liT^5^'7.£,, feSlMl 
j8«#:£#Jll£Lf;: 1 b<£>T"b&V\, l^VXl 3, 14 t 
LTIt7 l^/H^X£ttffl Lfc„ 

[0 0 2 7] LSlS«5i:^SSl2i:lC|«jl 40 

•mm 2 (a) , (b) i'^ Lfc t p^n^^e-a-* 
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[0028] ±.®Ltzmnmx+\z, mw%ftm* 1 1 l 

&6, 7icj:()ff2|iis*fUfc©* 3> s^i/^n/y 

Xl 4-T?^3fe^ilT^?>> gftfSH^Kffll^fcP I Ny 

turn 3d b ft ><0'Ma *kv>mwim&&.i>s 1 . 5 

GHz-C*>ofc. LS IHKtriftKLfc^-^e 

4 0 0Mb i t/s SrSIMT'tfc, 
[0 0 2 9] ±j£<O@4£>3IJ60!rai, I^yXl 3, 1 
4iLt71/^H/yXMtfc^ -v-f^d ^>'X 
SM£Jfll.-C 1 ^>&^\ > 

[0 0 3 0] ±E#*I«tt***f 1 

[00 3.1] 

ww©***] *&w<Dftmm.mm*. ls i^-y^m 
i=f-v7ft<D2fm*tt&K\,x, %%m*t>k%m=?- 
sag Lxytms&ZMf&'t & ^t\z.^K> fcmsk^-mi lt 

4v^fll*Ht©i«v>Ei|ftS:i-5ri:as-etS. ^lc 

L S I SfiC»t5fiIftft^f i t .j,5 c 
[Bffi«>1l!Hlfc!Mn 

[Hi] *»WO»l*lS«©WrB#Jt**-rH. 

[0 3] 2 **«©Wrffi«Jt4:*-rH. 

[B4] #3PJ©l&3?ll&#J©l^ffiWi££*1-|II 0 

ims] «*a««:^i-H. 

[B6] «l©ft*ft»Sr*-rH. 
[$&-§■©&«] 

1 ffiMDSftiii^- 

2 gftS£^ 

3,4 L S I fy7* 
5 LSIIi 
6,7 M 

8 , 12 

9, 10 ffiB^-frffl^-^ 

11 LSISS (LS IfyT*) 
13, 14 U>X 
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